Microelectronic power supplies  Final report by unknown
b 
c 
MICROELECTRONIC POWER S U P P L I E S  
CONTRACT NO. NAS13-24817 
PREPARED FOR : 
PREPARED BY: 
FINAL REPORT 
MAY 1971 
A S T R I O N I C S  D I V I S I O N - N A T I O N A L  
MARSHALL S P A C E  FLIGHT CENTER 
HUNTSVILLE,  ALAEAMA 
AERONAUTICS- sc SPACE ADMINISTRATI( 
ELECTRONIC COMMUNICATIONS , I N C  . 
1501 - 72ND S T R E E T  NORTH 
ST. PETERSBURG, FLORIDA 33733 
P R O J E C T  ENGINEER:  e<, .- ' .- .d.~/., e - 
B. F". B R Y A ~  
S E C T I O N  MANAGER: L9. e l ? ? , *  
D. C. COLBERT 
. .. 
https://ntrs.nasa.gov/search.jsp?R=19710024119 2020-03-11T22:10:47+00:00Z
r 
1.0 
2 ,O 
2.1 
2 , L . L  
2 . 2  
2.3 
2.4 
3.0 
. 3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
TABLE OF COhTENI’S 
TITLE 
SYNOPSIS .  . . . . . . . . . 0 
MAIN POWER SLTPPLIES . . . . . 
TTL Main Power Supply . . . 
TtlQmal ChmraetsrfsEfes. . 
- MOS/Linear Main Supply. . . 
TTL/ECL Main supply  . . . . 
Components. . . e . .. . . Main Power Supply Magnetic 
4 
REMOTE REGULATORS . . . . . . 
TTL Remote Regulator  N o .  1. 
TTL Remote Regulator  N o .  2. 
MOS Remote Regulator .  . . . 
Linear I C  Remote Regulator  e 
ECL Remote Regulator .  . . . 
Remote Regulator  Magnetics . 
. 
. 
. *  
. . a  
. .  
. .  
. .  
* .  
. .  
. .  
. .  
. .
. .  
0 .  
. .  
PAGE 
1 
2 
2 
5 
- 13 
13 
19 
19 
19 
29 
24 
29 
33 
38 
* .  
FICGUXE NO. 
3 
2 
3 
4 
5 
8 
9 
10 
I1 
12 
13. 
14 
b 
LIST OF SCI-IEMATICS 
TITLE 
Main Power Supply Schematic 
E f f i c i e n c y  vs Load for TTL Main 
Main Power Supply f o r  TTL Remote 
Diagram. . . . . . . . . . . . .  
Power Supply . . .  . : .  . . . . .  
/ 
Regula tors  E f f i c i ency  vs  Output 
Power a t  25OC Breadboard Data.  . 
Regula tors  E f f i c i ency  vs Output 
Fower a t  1 0 0 ° C  Breadboard Data . .  
Main Power Supply f o r  TTL R e m o t e  
Main Power Supply for  TTL Remote 
Regula tors  E f f i c i ency  vs Output 
Power a t  -5OOC Breadboard Data . 
Main Power Supply f o r  TTL Remote 
Regula tors  Output Voltage vs Load 
Current  
Res i s t ance  V s  Temperature of VECO 
32247 Thermistor Mounted on Flange 
of 2N3056R Inverter  T r a n s i s t o r  in 
TTL Main Power Supply, S/N 001 . 
Main Supply. . . . . . Hot-Spot Temperature R i s e  i n  TTL 
MOS/Linear Main Supply E f f i c i e n c y  
MOS/Linear Main Supply E f f i c i e n c y  
MOS/Linear Main Supply Output Voltage 
V s  Load Breadboard C i r c u i t  e 
TTL/ECL Main Sunply E f f i c i e n c y  V s  Load 
TTL./ECL Main Supply Output Voltage 
V s  Load. . . . . . . . . . . . .  
Main Power Supply Magnetics. . . .  
Vs Load. . . . . . . . . . . . . .  
V s  Load Breadboard C i r c u i t  . . .  
PAGE 
3 
6 
7 '  
8 
9 
10 
11 
12 
14 
15 
16 
77 
18 
20 
+-1( 
_I- 
- 
LIST 01.' SCIIEf4QTICS ' (CONTD) , 
PAGE -FIGURk NO. TITLE 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
3c 
3 1  
TTL Remote Regulator 
TTL Remote Regulator 
V s  Load. . . . . .  
TTL Remote Regulator 
V s  Load Breadboard 
Room Temperature.. 
TTL Remote Regulator 
V s  Load Breadboard 
Room Temperature . 
MOS Remote Regulator 
MOS RemoFe Regulator 
. . . . . . . .  
No. 2 Output 
N o .  2 Output 
C i r c u i t  
No. 2 E f f i c i e n c y  
C i r c u i t  
. . . . . . .  
. . . . . . .  
. . . . . . .  
Schematic . . 
Output V s  Load 
MOS Remote Regulator E f f i c i ency  V s  
Load Power Breadboard C i r c u i t  
Room Temperature . . . . . . . . .  
MOS Remote Regulator Output Voltage 
Vs Load Breadboard C i r c u i t  
33-45 V o l t s  Input  Voltage. e e . 
Linea r  I C  Remote Regulator e 
Linea r  I C  Remote Regulator 
Output V s  Load . . . . . . . . . .  
Linea r  I C  Remote Regulator Output 
Voltage V s  Load Breadboard 
C i r c u i t  Room Temperature. . . .  
Linear  I C  Remote Regulator Eff ic iency 
Vs Load. . . . . . . . . . . . .  
ECL R e m o t e  Regulator . . . . . . .  
Output Voltage V s  Load Current  
for ECL Remote Regulator . . . .  
E f f i c i e n c y  V s  Load Curves for 
ECL R e m o t e  Regulator . . . . . .  
ECL.Remote Regulator I n t e r n a l  
Power Di s s ipa t ion .  . . . . . . . .  
Magnetic Components used i n  
R e m o t e  Regulators .  . . . . . . .  
. 
25 
26 
\ 
27 
28. ' 
30 
31 
32 
34 
35 
36 
37 
39 
40 
41 
42 
43 
--.--I- --..--.- --- 
.. ....... ...... .... ....................... . ;"- ' " " - r ; , r . ~ ~ , . f " . - .  .. .-..,rr_.-i . Ti-- .z-l-,.f.---. -.-- .-. ..._-............_.. ". __*.., -..->.T-T..$,- -rcI ,.,- -_ -.. 
-- _I-- -I---- ~, -- T 
MI CROT~IECTIIONI  C POWER SUPPLI SS, 
CONTRACT NO. NAS8-24,817 
F I N A L  REPORT 
1.0 SYNOPISIS 
This  r e p o r t  d e s c r i b e s  a ser ies  of min ia tu re  power s u p p l i e s  
developed by E l e c t r o n i c  Conununications, I n c .  ( E C I )  ,for NASA/MSFC 
under c o n t r a c t  number NAS8-2481?. These u n i t s  a r e  designed fo r  
o p e r a t i o n  i n  an aerospace  a p p l i c a t i o n  where small s i z e  and 
weight  and h igh  e f f i c i e n c y  a r e  of primary concern.  
t y p e s  of c i r c u i t s  have been developed; ma in . supp l i e s  and remote 
r e g u l a t o r s .  The main power supply i n t e r f a c e s  w i t h  t h e  space- 
c r a f t  28 v o l t  power s o u r c e  and provides  ou tpu t  v o l t a g e s  which 
are  t ransformer  i s o l a t e d  v i a  a DC-DC conver t e r  from the  primary 
28-volt  l i n e s .  Reve r se -po la r i ty  p r o t e c t i o n  and EM1 f i l t e r i n g  
a r e  included.  Each main supply d e l i v e r s  up t o  t h r e e  (3)  w a t t s  
t o  a group of remote r egu ' l a to r s .  The remote r e g u l a t o r s  a r e  
t h i c k  f i l m  hybrid c i r c u i t s  s u i t a b l e  f o r  providing "on-card" 
r e g u l a t i o n  f o r  i n t e g r a t e d  c i r c u i t s .  
u l a t o r s  have been developed which provide ou tpu t  v o l t a g e s  of- 
T w o b a s i c  
Four - types  of  remote reg- 
-1-5, +15, -15, -5.2 and -27 v o l t s ,  Each remote r e g u l a t o r  i n -  
co rpora t e s  overload p r o t e c t i o n  and has  an  ou tpu t  power r a t i n g  
of 0.5 w a t t s .  
Pro to type  u n i t s  of a l l  t h e  power c i r c u i t s  have been 
f a b r i c a t e d ,  t e s t e d  and d e l i v e r e d ,  Nominal e f f i c i e n c y  a t  f u l l  
load f o r  b o t h  t h e  main s u p p l i e s  and t h e  remote r eyu lakor s  a r e  
i n  t h e  80 t o  85 p e r c e n t  range. All c i r c u i t s  a r e  designed €or 
and have been t e s t e d  over'the t empera ture  range of -4OOC t o  
-1-100. degrees  c e n t i g r a d e .  
-.. I_-- __.I---.----- 
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2 ,O M A I N  PO\L’OR SUPPLTFS 
T h e  primary f u n c t i o n  of t h e  main powcr supply i s  t o  provide DC 
i s o l a t i o n  from t h e  nominal 2 8  v o l t  power source  and t o  e s t a b l i s  
a n  ou tpu t  v o l t a g e  which i s  near t h e  optimum l e v e l  t o  power t h e  
a s s o c i a t e d  remote r e g u l a t o r s .  I n  a d d i t i o n ,  t h e  main supply 
a 
.must be p r o t e c t  cd from r e v e r s e  p o l a r i t y  i n p u t  v o l t a g e  and must 
h’x ludn EMI filtering to p x ~ v s n t  th@ gensrs t : fqn of conducted 
i n t e r f e r e n c e  on t h e  2 8  v o l t  supply l i n e .  I n  t h e  i n i t i a l  phase 
o f  t h i s  program, a des ign  was i n v e s t i g a t e d  which provided out- 
pu t  over load  p r o t e c t i o n  and which a l s o  provided a degree  of 
v o l t a g e  r e g u l a t i o n .  Aqthough t h i s  des ign  d i d  f u n c t i o n  p r o p e r l y  
it became appa ren t  t h a t  t h e  a d d i t i o n a l  components necessary  t o  
provide  p r o t e c t i o n  and r e g u l a t i o n  increased  t h e  c i r c u i t  complex 
i t y  by a f a c t o r  of t w o .  This  would of course  i n c r e a s e  t h e  
phys ica l  s i z e  of t h e  main supply and dec rease  t h e  r e l i a b i l i t y  
of t h e  u n i t .  A f t e r  weighing t h e  r e l a t i v e  meri ts  of t h e  s imple  
ve r sus  t h e  complex des ign ,  a d e c i s i o n  was made t o  proceed w i t h  
t h e  s imple  des ign  approach wi thout  t h e  r e g u l a t i o n  and over load  
p r o t e c t i o n  f e a t u r e s .  0 
A t o t a l  of t h r e e  main s u p p l i e s  have been developed which a r e  
ve ry  s i m i l a r  i n  c o n s t r u c t i o n  and i n  ope ra t ion ,  The only  d i f -  
f e r ences  among t h e  t h r e e  are  i n  the t ransformer  and rect i f iers  
necessary  t o  provide  t h e  a p p r o p r i a t e  ou tput  v o l t a g e s .  
2 . 1  TTL Main Power Supply 
A schematic  diagram of t h e  TT:.. main power supply i s  sI:3wn i n  
F i g u r e  1. T h i s  c i r c u i t  i s  comprised of  an EM1 f i l t e r  w i t h  a 
r e v e r s e - p o l a r i t y  d iode  and a s a t u r a t i n g - c o r e  i n v e r t e r  w i t h  t h e  
NO: ' SIER-71-0194 
NO : 3 
I-- 
a s s o c i a t e d  r e c t i f i e r s  and f i l t c r s .  Th i s  c i r c u i t  provides  DC 
i s o l a t i o n  between t h e  28-volt  main power source  and t h e  ou tpu t  
v o l t a g e .  
I n  o r d e r  t o  maximize t h e  e f f i c i e n c y  over a l a r g e  load c u r r e n t  
r a n g e ,  the base cur:rsnk d r i v e  €OX t h e  invez tex  f r a n s i s t Q r o  i s  
d e r i v e d  p r i m a r i l y  from c u r r e n t  t ransformer  T 2 .  I n  t h i s  manner 
t h e  base  d r i v e  i s  p r o p o r t i o n a 1 , t o  t h e  load c u r r e n t  t he reby  - 
minimizing t h e  power loss i n  t h e  base d r i v e  c i r c u i t r y .  A small  
f i x e d  base currenD is  provided v i a  Rl to a s s u r e  s t a r t i n g  of thE 
inverter .  The o u t p u t  of t h e  c u r r e n t  t ransformer  T 2  i s  fullwavE 
r e c t i f i e d  by Ql-Q2 and CR3-CR4 i n  such a manner t h a t  t h e  vo l t ag  
developed across t h e  secondary of  T 2  is t h e  base-emi t tc r  vo l t ag  
of Q1 o r  Q2 which is approximately 600 m i l l i v o l t s .  T h i s  vo l tage  
is s u b s t a n t i a l l y  independent of the .  load  c u r r e n t  l e v e l  and 
t h e r e b y  approximates  a l o w  impedance load which i s  necessary  
fox proper  o p e r a t i o n  of a c u r r e n t  t ransformer .  
f 
The secondary v o l t a g e  of i n v e r t e r  transfo’rmer T 1  i s  fu l lwave  
r e c t i f i e d  and f i l t e r e d  by a p i - sec t ion  f i l t e r  t o  minimize t h e  
o u t p u t  r ipple  v o l t a g e .  The rec t i f ie r  d iodes  used a r e  ion-  
implanted units which have a very  l o w  forward v o l t a g e  d rop  and 
ex t remely  fas t  swi tch ing  speed. Both of t h e s e  c h a r a c t e r i s t i c s  
maximize t he  o v e r a l l  e f f i c i e n c y .  
The shunt  d i o d e  across 2 3  i n  t h e  EM1 f i l t e r  p reven t s  a l a r g e  
vcalLage spike from be ing  developed when t h e  i n v e r t e r  core 
s a t u r a t e s  and t h e  i n v e r t e r  commutates. The ope ra t ing  frequency 
of t h e  i n v e r t e r  varies from 25 t o  31 kHz fo r  i n p u t  v o l t a g e s  o f  
24 t o  30 vol ts .  
----11- 
.----I-- 
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T e s t  da ta  rncaGured on the breadboard and pro to type  ' u n i t  is 
shown g r a p h i c a l l y  i n  F i g u r e s  2 through 6. T h e  ou tput  r i p p l e  
v o l t a g e  i s  less t h a n  0.1 v o l t  peak-to-pea.k for  less t h a n  
3 w a t t s  load. 
S ince  t h e  c i r c u i t  is comprised p r i m a r i l y  of discrete  component;: 
and sines s e v e r a l  o$ the compancnts a r e  r e l a t i v e l y  l arge  
magnetic d e v i c e s ,  a p o t t e d  cordwood moduLe was ch.osed a s  t h e  
packaging technique. A th ick  f i l m  hybrid c o n s t r u c t i o n  was _. 
a l s o  eva lua ted  b u t ,  became a% ' t he  bulky magnet ics ,  . o f f e r e d  an 
ins igni f icanlz  redua$isn 4.p overal l  s i z e ,  The encapsul.aked 
main power supply $nodule has  a .t=otal'wolune o f  1.6 c u b i c  inchef  
and weighs 0,106 pounds. 
9 
2 .I. 1 Thermal Charnc tar i s t& 
The i n t e r n a l  tsmperature rise $9 the  f i v a l  pagtod module 
assembly w a s  measured under w w g t  case a o n d i t i o n s  to determine 
the a c t u a l  hot spot t empera ture ,  This wqs done by mounting a 
sma l l  bead thermistor on t h e  f l a n g e  of a m  of the 2N3056A 
i n v e r t e r  t r a n s i s t o r s  and b r i n g i n g  o u t  t es t  l eads  fram t h e  
B 
t h e r m i s t o r .  The t h e r m i s t o r  r e s i s t a n c e  w a s  then  measured as 3 
f u n c t i o n  of t empera tu re  t o  o b t a i n  a c a l i b r a t i o n  curve  a s  shown 
i n  F i g u r e  7 .  Using t h i s  c u r v e p  t h e  c a s e  ; temperature of t h e  
i n v e r t e r  t r a n s i s t o r  was measured .while t h e  power supply was .  
d e l i v e r i n g  approximately 3.5 w a t t s  w i th  24 v o l t s  i n p u t  v o l t a g e  
These  load and i n p u t  c o n d i t i o n s  r e s u l t  is maximum i n t e r n a l  
d i s s i p a t i o n  i n  the .module .  
The thermal  response  of t h e  main power supply module i s  shown 
i n  'Figure 8, As may be seen , .  t h e  maximum tempera ture  rise is  
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approximately 17OC for a module d i s s i p a t i o n  bf 0.77 w a t t s .  
This d a t a  should apply  f o r  all t h e  main power supply modules 
since t he  construction and i n t e r n a l  d i s s i p a t i o n  i s  s i m i l a r .  
c 
2.2 , MOS/Linear Main Supply 
T h i s  a i r e u i t ;  is; Used t;Q gp@)2531;@ rglmoko xBguJA3Gar& w h i c h  i n  
t u r n  supply  r e c p l a t e d  power for MOS l o g i c  c i r c u i t r y ,  and l i n e a l  
i n t e g r a t e d  c i r c u i t s .  The b a s i c  c i r c u i t  con f igu ra t ion  i s  also 
shown i n  schemat ic  form i n  'Figure 1. 
t o  t h a t  described above f o r - t h e  TTL main supply.  I n  f a c t ,  t h e  
same p r i n t e d  c i r c u i t  l ayou t  and asse&ly  drawings a r e  used for  
b o t h  main supply moduies. 
used t o  p r o v i d e  t h e  r equ i r ed  v o l t a g e  l e v e l s .  
Operat ion i s  i d e n t i c a l  
T 
D i f f e r e n t  t ransformer  windings are 
Measured performance data for t h e  MOS/Linear main supply a r e  
shown i n  F i g u r e s  9 through 11. 
2.3 TTL/ECL Main Supply * 
T h i s  c i r c u i t  f i l l s  t h e  need f o r  a nega t ive  supply v o l t a g e  t o  
power h i g h  speed emitter-coupled l o g i c  c i r c u i t r y .  The r e s u l t a r  
c i r c u i t  is i d e n t i c a l  i n  conf igu ra t ion  t o  t h e  MOS/Lincar main 
supply  shown in Figure  1. The i n v e r t e r  t ransformer  and t h e  
c u r r e n t  feedback t ransformer used for t h e  TTL main supply are 
used i n  t h i s  c i r c u i t .  I n  fact, t h i s  c i r c u i t  f i l l s  t h e  r e q u i r e -  
ments of t h e  TTL main supply and can be used as  a replacement.  
Opera t ion  i s  a g a i n  i d e n t i c a l  t o  t ha t  described for t h e  TTL 
main supply .  
Measured test d a t a  f o r  the.TTL/ECL main supply are shown i n  
F i g u r e s  3.2 and 13 .  
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2.4 Main Power S u p p l y  Maqnetic Components 
c. 
D e s c r i p t i o n s  of a l l  t he  magnetic components used i n  e a c h ' o f  
t h e  main power s u p p l i e s  are given i n  F igu re  14. 
3.0 REMOTE REGULATORS 
The family of remote r e g u l a t o r s  developed dur ing  t h i s  c o n t r a c t  
and which a r e  desc r ibed  i n  t h e  following pages have s e v e r a l -  
f e a t u r e s  i n  common. A l l  aye switching-mode series r e g u l a t o r s  
f o r  maximum e f f i c i e n c y  and a l l  are s h o r t - c i r c u i t  proof. '  Each 
f 
c i r c u i t  i s  cons t ruc t ed  on a ceramic substrate us ing  t h i c k  f i l m  
r e s i s t o r s  and i n t e r c o n n e c t s .  The assembled c i r c u i t  i s  enclosed 
i n  a so lder -sea led  f l a t p a c k .  Prototype u n i t s  w e r e  tes ted for  
a l e a k  r a t e  of less t h a n  SCC/SEC however, any f u t u r e  
f l i g h t  hardware c i r c u i t s  w i l l  be t e s t e d  t o  lo-* SCc/SEC i f  
t h i s  l e a k  r a t e  i s  r e q u i r e d .  
3.1 TTL Remote Requla tor  N o .  1 
The i n i t i a l  c i r c u i t  developed t o  supply r egu le t ed  5-vol t  power 
for TTL l o g i c  c i r c u i t r y  d i d  n o t  inc lude  overload p r o t e c t i o n .  
Th i s  c i r c u i t  w a s  des igna ted  as TTL R e m o t e  Regulator  N o .  1. 
. 
With t h e  excep t ion -o f  t h e  overload p r o t e c t i o n  c i r c u i t r y ,  it 
w a s  s i m i l a r  t o  t h e  c i r c u i t  descr ibed below. 
3.2 TTL Remote Requla tor  N o .  2 
A sck2matic diagram of t h e  TVT, Remote Regulator  N o .  2 is  shown 
i n  F igure  15. Th i s  c i r c u i t  provides  :a r e g u l a t e d  ou tpu t  of  
5 v o l t s  a t  a load c u r r e n t  of  up t o  100 mi l l iamperes .  The input 
v o l t a g e  is obta ined  from t h e  TTL main power supply and v a r i e s  
between 9.0 and 13.0 vo l t s  according t o  t h e  primary i n p u t  
.--.--1_11-- 
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voltage t o  t h h  main supp ly .  
overloads on the o u t p u t  and w i l l  wi thstand a s h o r t  c i r c u i t  
i n d e f i n i t e l y  wi thou t  damage. 
This  r c g u l n t o r  jis pro tec t ed  aga ins  
Seve ra l  f e a t u r e s  o f  this c i r c u i t  r e s u l t  i n  more e f f i c i e n t  
o p e r a t i o n  than  would otherwise be p r a c t i c a l .  Note t h a t  t h e  
d a r l i n g t o n  connec t ion  of QlA and ‘QlB is modified by connect ing 
t h e  collector of QLB t o  a t a p  on t h e  swi tch ing  chokel T1. This  
permi ts  QlA t o  be d r i v e n  i n t o  s a t u r a t i o n  the reby  dec reas ing  .the 
voltugje d r o p  across it and lowering t h e  power d i s s i p a t i o n  i n  
t h e  pass  e lements .  .If the collectors of QIA and Q1B w e r e  
.The c i r c u i t  shown i n  F i g u r e  15 is  a swi tch ing  mode series 
r e g u l a t o r ,  Opera t ion  i n  t h e  swi tch ing  mode is  rnandatGry t o  
achiove h igh  e f f , i s i e n c y .  I n  %his type sf  ~ i r c u b t ,  ragullrtian 
i s  achieved by modulat ing t h e  du ty  c y c l e  of an i n t e r n a l l y  
genera ted  p u l s e  waveform so  t h a t  t h e  average va lue  of t h e  wave- 
f o r m  is c o n s t a n t  and equal t o  the d e s i r e d  ou tpu t  vo l t age .  I n  
t h e  c i r c u i t  of Figure ,15 ,  Q3 func t ions  as a comparator which 
compares t h e  o u t p u t  voltage .to a r e f e r e n c e  v o l t a g e  e s t a b l i s h e d  
by CR3 and t h e  resistor d i v i d e r  R 8  and R9. The output  of Q3 
c o n t r o l s  t h e  d r i v e r  t r a n s i s t o r  QIB which i n  t u r n  d r i v e s  t h e  
main pass  element,  QIA. Switching mode o p e r a t i o n  i s  a s su red  
due t o  the phase s h i f t  through t h e  loop  which r e s u l t s  i n  re- 
g e n e r a t i v e  o p e r a t i o n  a t  t h e  swi tch ing  frequency. The p u l s e  
waveform which e x i s t s  at t h e  c o l l e c t o r  of Q1A i s  averaged by 
t h e  LC f i l t e r  comprised of Tl and C3. CR2 is  a “free-wheel ing” 
d iode  which provides  a conduct ion pa th  f o r  t h e  s t o r e d  energy i n  
Tl whi le  QIA is  non-conducting. 
common, t h e  voltage drop across the pass  element would be 
PAGE 2;o: 22 
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cons ide rab ly  g r e a t e r  - approximatcly 1 v o l t  eoinparcd to 
0.3  v o l t s .  The free-wheeling d iode ,  CR2, is  a u n i t  i n  which 
the j h n c t i o n  i s  formed by ion-implantation. 
c 
T h i s  r e s u l t s  i n  a 
diode  having a l o w  forward t h r e s h o l d  v o l t a g e  and ve ry  f a s t  
swi tch ing  speed.  Both t h e s e  factors c o n t r i b u t e  toward h igh  
e f f i c  iency . 
The swi t ch ing  speed of t h e  pas s  t r a n s i s t o r s  h a s  a s i g n i f i c a n t  
e f f e c t  on the e f f i c i e n c y  of t h e  c i r c u i t .  I n  F igu re  1 5 ,  t h e  
four - turn  secondary winding on t h e  swi tch ing  choke provides  
r e g e n e r a t i v e  b a s e  drive t o  Q 1 B  t o  i n c r e a s e  t h e  swi tch ing  speed 
and the reby  enhance the  o v e r a l l  e f f i c i e n c y .  
- 
overload p r o t e c t i o n  is accomplished by sens ing  t h e  load c u r r e n t  
v i a  t h e  v o l t a g e  drop a c r o s s  RLO. When t h e  c u r r e n t  exceeds a 
pre-determined l e v e l  as i nd ica t ed  by  t h e  v o l t a g e  a c r o s s  R10, a 
ncross-over ' l  p o i n t  is reached and t h e  c i r c u i t  f u n c t i o n s  a s  a 
swi tch ing  mode c u r r e n t  r e g u l a t o r  i n s t e a d  of a v o l t a g e  r e g u l a t o r  
The o p e r a t i o n  of t h e  c i r c u i t  may be described by r e f e r r i n g  t o  
.F igu re  15. A v o l t a g e  o f ' app rox ima te ly  0.6 v o l t s  (V ) develop 
a c r o s s  t h e  base-emitter j u n c t i o n  of 'Q2A which is b i a s e d  v i a  t h e  
c u r r e n t  supp l i ed  by €23. A f r a c t i o n ,  K, of t h i s  v o l t a g e  i s  
developed across R7 - 
across RLO, w h i c h  is p r o p o r t i o n a l  t o  t h e  load  c u r r e n t ,  is 
app l i ed  t o  t h e  base -emi t t e r  j u n c t i o n  of Q 2 B .  I n  equa t ion  form 
w e  have: 
BEA 
T h i s  v o l t a g e ,  XVBEa, p l u s  the  v o l t a g e  
- 
v ~ E ~  - w~~~ + R1O 'LOAD 
i s  less When t h e  load  c u r r e n t  i s  below t h e  maximum l e v e l ,  
t han  t h e  conduct ion t h r e s h o l d  of Q 2 B  and t h e  c i r c u i t  func t ions  
VsEB 
---I- ------ - 
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narmaI.I.y as a v o l t a g e  r e g u l a t o r .  AS the Ion$  c u r r b n t  i n c r e a s e s  
%EB 
i n c r c a s  as t o  approximately 0.6 v o l t s  a t  which p o i n t  'Q2B 
conducts and d i v e r t s  the current supplied by CRS. from t h e  
r e fo renco  zener diocla CR3, Thi4  act isn reduces t h e  r e f e r e n c e  
voltacre a t  t h e  base of Q3 and thqa rcguces t h e  ou tpu t  vo l t age .  
If t h e  load current tends  t o  i n c r e a s e  furthex, Q2B conducts 
more heaviky and Chc voltage ad; CQo P a s s  ~f Q3 As further re- 
duced the reby  Limiting the load cyrrerit. t a  sa g a f e  l e v e l .  The 
where 8 
r 
3 . 3  MOS Remote Requ la to r  
A schematic;? diagram of,the c i r c u i t  devekoped for t h e  MOS r e m o t e  
r e g u l a t o r  is shown i n  F i g u r e  19 .  This  q i g c u i t  is a l s o  a s w i t c k :  
i ng  mode ser$es r e g u l a t o r .  The c i r c u i t  pcp f igu ra t ion  i s  
slightly d t f f e r e n t  f r o m  the  TTL remote r e q u l a t o r  because of t h e  
i 
i 
h ighe r  output  v o l t a g e  and t h e  lower c u r r e q t  l e v e l .  Overload 
p r o t e c t i o n  i t  inco rpora t ed  so t h a t  a shark  c i r c u i t  can be 
s u s t a i n e d  i n d e f i n i t e l y  wi thou t  damage. 
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J n  the c i r c u i c  of F i g u r e  19, t h e  output  volt;ge is  compared v ia  
t h e  r e s i s t o r  d i v i d e r  formed by R5 and R 6  t o  a r e f e r e n c e  v o l t a g e  
of approximately 7.4 volts e s t a b l i s h e d  by CR3 and t h e  hase-  
emitter v o l t a g e  of Q4. Resistor R6 is s e l e c t e d  t o  compensate 
'for tile i n i t i a l  t o l e r a n c e  of zener CR3 and t o  set  t h e  ou tpu t  
v o l t a g e  l e v e l  a t  -27 volts. Capaci tor  C1 provides  a d d i t i o n a l  
high-frequency feedback w h i c h  improves t h e  r e g u l a t i o n  and 
reduces t h e  output  r ipp le  vo l t age .  
c 
- 
* 
T r a n s i s t o r  Q4 f u n c t i o n s  as a comparator a m p l i f i e r  and d r i v e s  
t r a n s i s t o r  switch Q2 which i n  t u r n ,  d r i v e s  t h e  main power s w i t c l  
Q1. The emitter c u r r e n t  of Q2 and t h e r e f o r e  t h e  b a s e  c u r r e n t  
Shor t  c i r c u i t  p r o t e c t i o n  is provided by sens ing  t h e ' l o a d  cu r ren t  
v ia  the v o l t a g e  developed a c r o s s  R4. When t h i s  v o l t a g e  reaches  
t h e  conduction t h r e s h o l d  of t h e  base-emitter j u n c t i o n  of Q5, the  
of t h e  main power s w i t c h ,  Ql, is  f i x e d  a t  a l e v e l  determined by  
t h e  load c u r r e n t  and is v i r t u a l l y  independent of t h e  i n p u t  
manner 
vo l t age .  
ab ly .  Re fe r r ing  t o  F i g u r e  1 9 ,  it may easily be shown t h a t  t h e  
emitter c u r r e n t  of Q2 is given by t h e  fo l lowing  equat ion .  
T h i s  improves t h e  e f f i c i e n c y  of the c i r c u i t  cons ider -  
u 
I 
I 
+ - -  R4 'LOAD -- 'LTBE3 e - IF31 - 'E2 R 3  R 3  I. 
c i r c u i t  f u n c t i o n s  as a c u r r e n t  r e g u l a t o r  i n  much the.  s a m e  
as  descr ibed  fo r  t h e  TTL remote r e g u l a t o r .  
. . .  
Figures  19  through 22 show, i n  g r a p h i c a l  form, t h e  performance 
d a t a  obtained f o r  both the breadboard and p ro to type  c i r c u i t s ,  
3.4 Linear  I C  Remote Requla tor  
t ... . ... . . 
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02 thc  c i r c n i t  devclopcd i s  shown i n  Fj&xc 2 3 ,  Since t w o  
output v o l t a g e s  a r c  r e q u i r e d ,  two r c g u l a t a r s  must be used s i n c e  
the s u p p l i e s  may be unequal ly  loaded, ' p c f e r r i n g  to F i g u r e  23, 
it may be seen t h a t  the  r e g u l a t o r  c $ r c y f t  ysed t o  provide  -15 
v o l t s  i s  ident ica l  in coqfiguLqtian t o  t h a t  of t h e  MOS remote 
r 
r e g u l a t o r .  The only d i f f e r e n c e  is t h e  outpuf. v o l t a g e  l e v e l .  
T h e  p o s i t i v e  voltage regulator i s  v$rtual$y a mirror image of 
the n e g a t i v e  r e g u l a t o r  and f w c t i a p s  $.n t h e  same manner. How- 
ever, t h e  reference:  v o $ t a g s , f a r  the pos i t i ve  r e g u l a t o r  i s  
d e r i v e d  from the negative aqtput, T h i s  feature  pe rmi t s  'the u s e  
- 
o f  a s i n g l o  zener reference va2tqge and a l so  permi ts  b o t h  outpu 
v o l t a g e s  t o  ba a d j u s t e d  by changinq a aipg1.e res is tor ,  R 8 .  y h i  
f e a t u r e  a l s o  a s s u r e s  t h a t  the qqtppt  v o l t a g e  of t h e  p o s i t i v e  
r e g u l a t o r  t r a c k s  t h e  output  crg t=ho noqativs xegulaCor. 
example, Sf t h e  naqative outpuf $8 a F ~ ~ $ e d ,  tha pos i t ive  ou tpu t  
also approaches gero. Hawcpver, ~ ~ o r t i n g  %ha posikive r e g u l a t o r  
For 
I ?  
. I  
doer3 no t  a€fect $he n e g a t i v s  ~ e g u L a t o ~ ,  
T e s t ,  d a t a  measured for  the l i n e a r  I C  rsqate reguftator  i s  SPlQWn 
i n  F igu res  24,25 and 26. .The performance of t h i s  c i r c u i ,  i n  
t e r m s  of r e g u l a t i o n  and e f f i c i e n c y ' i s  comparable t o  t h a t  
ob ta ined  for the  other remote r e g u l a t o r s  as can e a s i l y  be seen  
by .a direct comparison.. 
3.5 ECL R e m o t e  Requla tor  
The remote r e g u l a t o r  developed t o  supply -5.2 v o l t s  f o r  
emi t te r -coupled  l o g i c  c i r c u i t 9  i s  shown sc luna t ica l ly  4 n 
Figure 27. This c i r c u i t  is t h e  complement of t h e  TTL remote 
r e g u l a t o r  which provides +5 vo l t s  output .  I n  f a c t ,  t h e  same 
c i r c u i t  l a y o u t  is used. The only  changes i n  t h e  assembly of 
--------- 
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t h e  c i r c u i t  a r c  that d i o d e  and capac i to r  polarities are  reversec 
and complementary t r a n s i s t o r s  a r e  used. 
z 
The ope ra t ion  of t h e  ECL remote r egu la to r  is  i d e n t i c a l  t o  t h a t  
desc r ibed  fo r  t h e  TTL r e m o t e  r e g u l a t o r .  T e s t  d a t a  measured f o r  
t h i s  c i r c u i t  is  shown in Figures  28  through 30. 
3 , 6  Remote Requlator  Maqnet ics .  
A d e s c r i p t i o n  of t h e  swi t ch ing  chokes used i n  t h e  remote -_ .. 
r e g u l a t o r s  is given i n  F i g u r e  31. 
. .  
PAGE XO: 38 
/ 
I '  
G- 
5-. 
3- 
2- 
, .  . 
.1. 1 '  . 
. ,  
. . .  , 
. .  1 . 1 . :  
9'- 
0 
: \2- 
" 
! . !  . 
I 
' -  1 
+ , .i 5.. 
4, 
3 
1 .  A
3- 
--.__ , 
! 
. .  . I . :  .: 
. . . I .  1 . .  . . . . .  
. 
.. .  ..- .^ . . . . . . . .  
7 . ' '  . . . . . . . . .  ..... _ _ L .  .... 
. . . .  .-.. 6 - i  1 .A. .... * -_.- .- . . ,  ,...-. :*: _. -: .... .z:: i 
REPORT NO: SIER-71-0193 
PAGE NO: 43. 
d 
6 
n 
X 
r. 
, " ., 
REPORT NO: SIER-71-0194 
PAGE NO: 4 3  
